Introduction
In 1996, farmers had the option of purchasing com seed genetically engineered to produce a protein derived from Bacillus thuringiensis (B.t.) , a soil bacterium that causes high mortality in European com borer larvae. By inserting the B.t. protein gene into plants (making them transgenic), biotechnology has demonstrated many opportunities for future innovative techniques to manage crop pests. Transgenic crops may greatly improve farmers' capacities to manage serious insect pests, but if farmers hold negative perceptions of this technology and/or discount pests like European com borer as being an economic problem, adoption of this pest management technique may not be widely accepted.
Social science researchers have provided a framework for analyzing human perceptions and how they relate to the adoption of innovations (B.t. com) . A theory developed to explain the process by which new ideas or innovations are communicated to, and either adopted or rejected by, members of a social system over time is the diffusion theory (Rogers 1983 ) . Rogers (1983) defines an innovation or technology as "an idea, practice, or object that is perceived as new by an individual or other unit of adoption". The key word is "perceived" (Lambur et al. 1985) . The fact that B.t. com is new makes little difference, but the way in which B.t. com is perceived by farmers will determine its diffusion or rate of adoption.
The diffusion theory states that any new technology diffuses through a social system (i.e., farmers) in a predictable manner (Rogers 1983 , Fliegel 1993 . Fliegel (1993) describes the innovators to be the top 2.5%, the early adopters to be the next 13.5%, the early majority to be the next 34.0% ·and the final 50% includes the late majority and, finally the late adopters. In a typical adoption-diffusion process only a few farmers adopt the innovation at the onset and with time, an increasing number adopt the innovation until the innovation has spread throughout the system (Grieshop et al. 1988 ). There are several interacting factors, however, that determine diffusion rate including attributes of the innovation (Lam bur et al. 1985) , change agents (extension specialists, field crop agronomists, industry salespeople) (Grieshop et al. 1988) , and characteristics of the potential adopter (farmer) (Merchant and Teetes 1994) . A survey of farmers' perceptions and knowledge could be beneficial to extension specialists, crop consultants, and industry representatives in developing educational information for farmers implementing B.t. com as a pest management technique.
The objectives of this study were 1) to survey Iowa farmers and evaluate current management practices of European com borer and perceived pest status in field com; and 2) to evaluate their perceptions of transgenic B.t. com and the potential impact this technology may have on European com borers, com rootworms, and farming practices.
Methods
The survey was designed as a self-administered questionnaire. Three thousand questionnaires were mailed to a random sample oflowa com farmers on December 1, 1995. The survey sample was selected from a list of producers maintained by the Iowa Agricultural Statistics Service (lASS). Any farmer raising com was given an equal probability of being randomly selected. A second mailing of the survey was sent out on December 26 to farmers that initially had not responded. A telephone follow-up interview with a subsample of the nonrespondents to the 2 mailings was conducted in January, 1996.
The survey consisted of a cover letter giving a brief description of transgenic B. t. com and some potential advantages and disadvantages of the technology. It explained that the information from the survey would be used to develop educational programs for Iowa farmers. Farmers were then asked to respond to 19 questions designed to determine their perception of European com borer, com rootworm, and transgenic B.t. com.
The 19 survey questions was divided into 3 major sections. The first section (questions 1-5) addressed farmers' perceptions on yield loss from European com borer, how this damage occurs, and how past management strategies have affected this insect. The second section (questions 6-16) addressed farmers' perception of transgenic B.t. com and the potential impact this technology may have on farming practices. The final section (questions 17-19) addressed farmers' perceptions on transgenic B.t. com that would potentially be developed to control com rootworm larvae.
Results and Discussion
Farmers answered 631 of the 3,000 mailed questionnaires. An additional 168 telephone interviews from a subsample of the mail nonrespondents were completed, for a combined response of 799 (26.6%).
European corn borer perceptions
Individual farmer characteristics are important in understanding the potential adoption rate of innovations like B.t. com. Perception of financial loss from European com borer will be a major influence on the willingness to adopt B.t. com. To understand what B.t. com attributes are important, an assessment of farmers' knowledge of European com borer must be understood. The severe economic loss attributed to European com borer by entomologists and the seed or chemical industries may differ from the perceptions held by farmers. Farmer knowledge can best be assessed by determining their perceptions on European com borer yield loss, mechanisms of damage, current management strategies, and causes of insect mortality.
Farmers were asked what they estimated their average yield loss to be for several com insects over the past five years. Over 57% of the farmers reported an average loss of 5.38 bushels per acre each year from European com borer. This was significantly more than the losses attributed to com rootworms (3.77 bu/a), white grubs and wireworms (3.64 bu/a), stalk borer (3.80 bu/a), or black cutworm (2.80 bu/a). Furthermore, these other insects did not receive more than a 25% farmer response.
Secondly, farmers were asked how they thought European com borers cause most of their damage. A majority believe the primary cause of damage is tunneling in the stalk; however, 35.5% of the farmers also perceive that ears dropping to the ground is the primary cause of damage. Yield losses from both first-and second-generation larvae are primarily because of physiological losses (stalk and ear shank tunneling), which can result in poor ear development, stalk breakage, or ears dropping to the ground (Mason et al. 1996) . Familiarity with the causes of European com borer damage help farmers to accurately measure or estimate effects on yield.
Thirdly, farmers were asked to check the strategies they have intentionally used to manage European com borer during the past five years. Farmers that completely ignore European com borer and do not manage them made up 32% of the respondents. Farmers were asked if spraying an insecticide had not previously been used to manage com borers, would spraying insecticides be an option to control them? The following answers were given: Yes -26.7%, Not sure -42.6%, and No -30.6%. Not only is it difficult for farmers to scout fields and determine the economics of applying an insecticide, but second generation European com borer larvae cause damage during midsummer when farmers have already invested significant capital in crop inputs. Therefore, it is difficult to justify the expense when there is always the possibility that weather conditions may influence survivorship more than any management strategy (Mason et al. 1996) .
If farmers had not had an economically damaging population of com borers, they were asked what factors have been responsible for keeping populations at low levels. Almost 69% of the farmers selected weather as causing the greatest mortality. Just over 50% believe the management strategies they have used have kept the com borer population below economic levels. Fewer farmers believed that natural enemies (25.7%) or insect disea5es (7.9%) were responsible for com borer mortality.
Farmers realize they are losing yield to European com borers, but with the difficulties that arise in controlling this pest, many farmers just ignore the com borer. An innovative management approach has been greatly needed; a new product such as B.t. com, may satisfy the needs of being cost effective, easy to use, efficacious, and environmentally friendly. Farmer perceptions and awareness of the attributes of B.t. com will have a great influence on its adoption rate. The first step to farmer adoption of the technology is awareness.
Perceptions of B.t. corn for European corn borer
How much had farmers heard about B.t. com before they received the questionnaire? Nearly 75% of the farmers had heard or read either a great deal or at least some information about B.t. corn.
Further analysis has shown that farmers that perceive they have European com borer losses were more aware of B.t. com than those that do not perceive a loss. In addition, farmers that had used resistant hybrids in the past were more aware of B.t. corn than those farmers that have used other management practices.
Farmers were then asked to check sources where they would look for additional reliable information on B.t. corn (Table 1 ). The majority of the farmers would seek additional information from seed companies or seed dealers. Farmers are also more interested in reading more about B.t. corn in newspapers or magazines than they are in reading extension publications or contacting an extension specialist. Interest and acceptance are very important to consider in the steps toward adopting an innovation.
Farmers were asked to check the category that best described their feelings toward B.t. corn based upon the information they had received and assuming seed costs are competitive with non-B.!. com ( For fanners to adopt a certain strategy, they will have to be convinced that it will work and that it is compatible with their farming operation. Several ideas have been suggested to delay or prevent development of European corn borer resistance to B.t. com.
Next, fanners were asked which strategies they would use if a seed company or Iowa State University recommended the following resistance management options (Table 5 ). Most of the fanners chose a strategy that involved planting a B.t. hybrid one year and a non-B.t. hybrid the next year. The difficulty here would be predicting the European corn borer population before planting. It is impossible to predict, but fanners would want to be secure about planting all of their acres to a non-B.!. hybrid every other year. The second most commonly chosen option was to plant both B.t. corn and non-B.t. com at a specified ratio at different times in an attempt to use the B.t. corn as a preferred host during peak European corn borer egg laying periods. This strategy would attempt to attract a majority of the egg-laying females into a smaller acreage planted to B.t. corn and disperse fewer numbers of females over a larger acreage of non-B.t. corn. The difficulty with this strategy is controlling the phenology of the corn because plant emergence and growth is dependent on temperature and moisture. Proper spatial and temporal mixtures of B.t. and non-B.t. com plants will need to be researched. The third option most commonly selected would be for fanners to plant both B.t. corn and non-B.t. corn at different ratios within each field. This approach would simply involve the fanner making sure that a certain minimum ratio of B.t. corn to non-B.t. corn is maintained within each field. The remaining options were less popular. Over 17% of the fanners have no interest in delaying the development of European corn borer resistance. This is not too serious considering that almost 32% of the fanners have not attempted to manage European corn borers at all in the last 5 years. Seed companies and university scientists need to coordinate efforts on researching the first 3 strategies to detennine which strategy will satisfy the fanners and help delay resistance. (Payne et al. 1995) . Farmers were asked what their reaction would be to B.t. that killed com rootworm larvae, based on seed costs being competitive with soil insecticides and the given information on B.t. com for com borers (Table 6 ). Nearly 3 in 10 said they were enthusiastic and 4 in 10 said they were cautiously optimistic. It is interesting that farmers reporting a loss to European com borer were more enthusiastic about the potential of B. t. com for com rootworm than for European com borers. Even though farmers reported a greater yield loss to European com borers, they are probably more relieved about the possibility of discontinuing the use of soil insecticides against com rootworm. What do farmers think is the greatest advantage to using B.t. com for control of com rootworm larvae (Table 7) ? The majority, 4 in 10, selected less insecticide in the environment; secondly, many felt that less insecticide exposure to farm workers was also very important. Farmers are eager to reduce usage of large quantities of insecticide and the potential dangers they experience when using insecticides. Yields are still the most important to 20.4% of the farmers, however. One in ten said B.t. being specific to com rootworm would be the greatest advantage. This is interesting because many farmers take advantage of soil insecticides having more broad-spectrum control of several insects including cutworms, wireworms, and white grubs. 
Conclusions
Responses to these questions indicate that farmer interest and early acceptance of B. t. com is high. Fliegel (1993) Not only are farmer perceptions of B.t. com important, but sources of information play an important role in adoption decisions. Extension and industry have a key role in this information process. Past findings have shown that the research and development phase is only part of the process of diffusion and adoption of innovation and that economic factors are also only 1 element in the adoption formula (Grieshop et al. 1988) . Interaction between farmer perceptions, B.t. com attributes, and sources of information can be significant. Production agriculture would not be where it is at today if this were not true.
Adoption of new products, strategies or techniques, however, occur primarily because they are simple to use or fairly cheap to purchase. Transgenic crops will be no exception. Although it is easy to get excited about B.t. com, we must remember that while we suggest its use to a farmer looking for a better method, we should also try to explain the importance of diversifying their approach and explaining the long-term benefits that can be achieved. Transgenic crops are a revolutionary approach in pest management, however, the consequences of their use must be better understood. Monitoring farmers' perceptions of transgenic innovations will help us conduct programs that encourage sustainable use in the future.
